INTRODUCTION
The stability of the bcc phase exhibited at high temperature by numerous metals and alloys stems from the excess of vibrational entropy of this phase in relation to the close-packed structures that would be the stable phases from purely energetic considerations [I] . At low temperature, when the entropic term in the free energy is compensated by the energetic one, most of these systems undergo a martensitic transition to a close-packed structure 121. Among the different systems undergoing a martensitic transition, a technologically interesting family is the one formed by Cu-based alloys. They belong to the Bume-Rothery class of materials for which the phase,stability is dominated by the average number of valence electrons per atom ratio (e/a) [3] . In this family, commonly the bcc phase is only stable at high temperature but it can be retained at low temperature by means of a suitable cooling. For certain compositions this metastable bcc phase undergoes a martensitic transition. In addition, during cooling, these systems get configurationally ordered, and the degree of order achieved by the samples depends on the cooling rate; this is an important result since ordering can modify the relative stability between bcc and martensitic phases [4] .
In this work we study the Cu-Al-Mn alloy system. In many respects, this alloy behaves very similarly to standard Cu-based alloys like Cu-Zn-A1 or Cu-AI-Ni, but a significant difference is that Cu-Al-Mn is paramagnetic while other Cu-based alloys are diamagnetic. Hence, short range magnetic order could have an influence on the phase stability of Cu-Al-Mn. We have first characterized the (metastable) phase diagram and we have measured entropy changes during martensitic transition in two families of composition related Cu-Al-Mn crystals. Finally we have also analyzed the influence of quenches from above and below the ordering temperatures on the martensitic transition.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1997536 Calorimetric measurements between 100 K and room temperature have been performed using a microcalorimeter specifically designed to investigate solid-solid phase transitions (details of this instrument can be found in [5] ). A differential scanning calorimeter from TA Instruments has been used for the range 300-850 K and, for temperatures above 850 K, phase transitions have been detected using a high temperature differential thermal analysis cell. In all cases, the studied sample has been first heat treated for 900 s at 1080 K, air cooled to a temperature T, and quenched in a mixture of ice and water. The reference heat treatment consisted of a direct quench from 1080 K followed by a three-day room temperature ageing.
RESULTS

Phase Diagram
In this section we present the (metastable) phase diagram corresponding to the two studied composition lines. Results have been obtained with samples that have followed a reference heat treatment. The order-disorder transitions have been characterized by means of x-ray diffraction and calorimetric measurements. Except in Cu3A1, all studied samples display two order-disorder transitions at high temperature and a martensitic transition at a lower temperature. In Cu-Al-Mn samples, it has been found that the order-disorder transitions are continuous from A2 to B2 and B2 to L21 structures. In fig. 1 we present typical x-ray results together with the recorded thermogram. In contrast with these results, Cu3A1 undergoes a unique order-disorder transition from a disordered (A2) to a DO3 ordered structure. The metastable pliase diagrams for the two studied composition lines, showing the ordering tem- and 2b.
Regarding the martensitic transition, it is worth noting that the martensitic structure depends on e/a. The resulting structute has been identified by means of x-ray diffraction and it has been found that for e/a 5 1.46 the martensitic structure is 18R while for e/a 2 1.46 it is 2H [6] . The e/a values of the studied alloys have been calculated from their composition assuming that each Cu atom contributes with 1 electron, each A1 atom, with 3 and each Mn atom, with 1 [7] . It is remarkable that we have detected the change from the 18R to the 2H martensite at an e/a value quite coincident with the e/a value at which the two phase boundaries of the high temperature bcc stability region in the equilibrium phase diagram [8] meet each other (eutectoid point). 
Martensitic Transition
The entropy (AS) and the enthalpy (latent heat, L) changes at the martensitic transition have been obtained from calorimetric measurements after a proper correction of the calorimetric baseline as described in [9] . Within experimental uncertainties (evaluated to be less than 5%) no systematic differences between the AS values for forward (cooling) and reverse (heating) transitions have been detected. Therefore, we have computed the entropy difference between / 3 and martensitic phases as an average of these two absolute values [6] .
Since the martensitic structure depends on e/a, AS is lilcely to depend d s o on this parameter. In fig. 3 we have plotted AS as a function of e/a for all the investigated samples. The data exhibit 'a jump from a constant value AS = 1.264 0.06 J / K mol for e/a<1.46 up to a constant value AS = 1.51f 0.05 J / K m o l for e/a>1.46. Such a discontinuity occurs at an e/a value coincident with that where the martensitic structure has been reported to change from 18R to 2H and, as previously mentioned, this is very close to the eutectoid point of the equilibrium phase diagram. In order to check whether this result can be extended to other Cu-based alloys, we have collected a large number of data from the literature for different Cu-based systems. These data are plotted (including present values for Cu-Al-Mn) in fig. 4 as a function of a =e/a-(e/a),,, where (e/a),, corresponds to the eutectoid point. It is clear from the figure that AS values collapse onto a single step function that changes from 1.31f 0.10 J / K mol to 1.60f 0.10 J / K mol at a =O. Present results render an entropy difference of -0.3 J / K mol between the 2H and 18R martensitic phases, independent of the alloy system. This value is in good agreement with the values reported from stress-strain measurements [lo-121. The fact that AS values for Cu-Al-Mn coincide (within the experimental errors) with those for other Cu-based nonmagnetic alloys, enables us to establish that a possible magnetic contribution to the whole measured entropy change should be very small. Hence, we conclude that for Cu-based alloys,. the entropy excess of the P phase mostly stems from the vibrational degrees of freedom.
The enthalpy changes conlputed at the forward (cooling) and reverse (heating) martensitic transitions are shown in table 1. Their composition dependence ,shows a behavior similar to the one exhibited by the martensitic transition temperature. This is due to the fact that there-are no significant differences among the entropy changes of the different samples. As is usual, the enthalpy change value obtained at the reverse transition is higher than that obtained at the forward transition, since the reverse transformation occurs at a higher temperature [9].
Quenching effects
The effect of quenches from different temperatures T, up to 1080 K has been investigated in an A2
sample. In order to quantify the change in the transition temperature with T,, we have plotted in fig. 5 the temperature where the relative amount of martensite formed in the sample is 0.5 [13] , T 0 . 5 , as a function of the quenching temperature T,. There is a marked decrease in Tq.5 on increasing T,. The entropy change AS is, within the experimental error, independent of T,. A decrease of the martensitic transition temperature with T, h a also been reported for Cu-Zn-A1 [14] , while an increase is observed for Cu-AI-Be [15] . However, in the case of Cu-Al-Mn the dependence of To, with T, is monotonous in the whole temperature range investigated, and the extrema observed for CuZn-A1 and Cu-Al-Be around the order-disorder .transition temperature have not been detected here. This Seems to be an indication that the mechanism which modifies the martensitic transition temperature in Cu-Al-Mn is different from the mechanism in other Cu-based alloys.
CONCLUDING REMARKS
The metastable phase diagram of P-Cu-A1-Mn has been obtained. Two continuous order-disorder transitions, from A2 to B2 and from B2 to L21 structures, have been detected. A martensitic transition occurs to a 2H structure for an e/a value higher than that of the eutectoid point and to a 18R structure for e / a less than this value. This is the general behavior for Cu-based shape-memory alloys.
The entropy and enthalpy changes at the martensitic transition have been measured. It has been found that the entropy change is a constant value that depends on the martensitic structure formed, and that there is an entropy difference of 0.3 J / K mol between the 2H and the 18R phases. It has been shown that these entropy change values are the same for all Cu-based shape-memory alloys Then, it has been established that there is no significant magnetic contribution to this entropy change in Cu-Al-Mn.
Finally, the effect of quenches from different temperatures over the martensitic transition has been studied. Though they do not affect the transition entropy change, it has been observed that increasing the quench temperatures reduces considerably the martensitic transition temperature. It has been shown that this behavior is different from the one obta.ined in other Cu-based alloys.
